(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP1 148 065 A1 



(12) 



EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

24.10.2001 Bulletin 2001/43 

(21) Application number: 00108691.7 

(22) Date of filing: 21 .04.2000 



(51) intCl7: C07K 14/705, C07K 14/715, 

C07K 19/00, A61K 38/17 



(84) Designated Contracting States: 


(72) Inventor: Rose-John, Stefan 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


55129 Mainz (DE) 


MC NL PTSE 




Designated Extension States: 


(74) Representative: Pieraccioli, Daniele 


AL LT LV MK RO SI 


Istituto Farmacologico Serono SpA 




Via Casilina, 125 


(71) Applicant: Rose-John, Stefan 


00176 Roma (IT) 


55129 Mainz (DE) 





(54) Fusion proteins comprising two soluble gp130 molecules 



(57) A fusion molecule comprising two soluble 
gp130 (sgp130) molecules is described. In particular, an 
Fc fusion protein of soluble gp130 (sgp130-Fc) has 
been generated and has shown in several cell culture 
models as well as with lamina propria cells from Crohn's 



disease patients to specifically block IL-6 responses de- 
pendent on soluble IL-6R, whereas responses via the 
membrane bound IL-6R remain unaffected. Additionally, 
sgpl 30-Fc also inhibited proliferation induced by leuke- 
mia inhibitory factor (LIF) and Oncostatin M (OSM). 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a fusion mol- 
ecule comprising two soluble gp130 (sgp130) mole- 
cules. In particular, an Fc fusion protein of soluble gp1 30 
(sgpl 30-Fc) has been generated and has shown in sev- 
eral cell culture models as well as with lamina propria 
cells from Crohn's disease patients to specifically block 
IL-6 responses dependent on soluble IL-6R, whereas 
responses via the membrane bound IL-6R remain unaf- 
fected. 

[0002] Additionally, sgpl 30-Fc also inhibited prolifer- 
ation induced by leukemia inhibitory factor (LI F) and On- 
costatin M (OSM). 

BACKGROUND OF THE INVENTION 

[0003] The pleiotropic cytokine interleukin-6 (IL-6) 
shows a wide spectrum of biological functions among 
which stimulation of B cells and induction of acute phase 
protein synthesis in liver are mostly notable. IL-6 exerts 
its activity on target cells via binding to an IL-6 specific 
surface receptor ("IL-6R" or "gp80"). This receptor/lig- 
and complex facilitates homodimerization of gp130 the 
second subunit of the IL-6 receptor complex. 
[0004] Dimerization of gp130 results in transduction 
of an IL-6 signal (Taga et al., 1997) Soluble forms of the 
IL-6R (slL-6R) which are generated by two mechanisms 
alternative splicing and shedding are also able to trigger 
gp130 dimerization and signaling when complexed with 
IL-6 (Tagaetal., 1997 as well as Rose-John etal., 1994) 
[0005] Since the cytoplasmic portion of the IL-6R 
does not contribute to signal transduction (Taga et al., 
1989), signaling by a gp130 homodimercan be induced 
by IL-6 in complex with membrane bound or soluble IL- 
6R. 

[0006] The presence of slL-6R, however, leads to 
sensitization of IL-6 responsive cells towards the ligand, 
as described previously for human hepatoma cells 
HepG2 (Peters et al., 1996). Furthermore, it has been 
shown that strictly IL-6 dependent hybridoma cells do 
not proliferate in response to very low amounts of IL-6 
when slL-6R present in culture media is continuously 
removed (Galliard et al., 1997). 

[0007] Initially described as the interleukin-6 signal 
transducer, gp1 30 is a transducer chain shared by many 
cytokines, such as IL-6, IL-1 1 , leukemia inhibitory factor 
(LIF), oncostatin M (OSM), and ciliary neurotrophic fac- 
tor (CNTF). All of these cytokines act via a bi- ortripartite 
receptor complex in which signaling is triggered by ho- 
modimerization (for IL-6) or heterodimerization with LIF- 
Rb/gp190 protein (for IL-1 1 ? LIF, OSM, and CNTF) of 
gp130. These cytokines thus mediate similar biologic 
activities in various tissues. 

[0008] While gp130 can be found on nearly all cell 
types, the IL-6R shows a much more restricted expres- 



sion. The release of slL-6R by one cell type renders oth- 
er cells, which only express gp130 responsive to IL-6. 
This scenario is called trans-signaling (Rose-John etal., 
(1 994). Indeed, several cellular activities have been de- 

5 scribed which require the complex of slL-6R and IL-6 
and are not seen with IL-6 alone. 
[0009] Soluble gp1 30 protein is found in high concen- 
trations in human plasma (Narazaki et al., 1993). 
[0010] Recently the designer-cytokine hyper-IL-6 (H- 

10 IL-6), in which the COOH-terminus of slL-6R is cova- 
lently fused to the NH 2 -terminus of mature IL-6 by aflex- 
ible peptide linker, has been described. As seen with the 
complex of IL-6/slL-6R, H-IL-6 also acts on cells which 
only express gp130. In contrast to the separate compo- 

15 nents IL-6 and slL-6R, a 1 00 to 1 000 lower concentra- 
tion of this fusion molecule is sufficient to induce com- 
parable biological signals (Fischer et al., 1997). 
[0011] WO 99/02552 describes chimeric proteins 
constructed from the fusion of the naturally occurring 

20 form of slL-6R and IL-6, which are useful in the treat- 
ment of IL-6 related disorders. 

[0012] One embodiment of WO 95/11303 describes 
heterodimeric proteins comprising the extracellular do- 
main of a cytokine receptor, such as slL-6R or sCNTFR 
25 and the extracellular domain of gp1 30. Such heterodim- 
ers are reported to be effective antagonists of IL-6 or 
CNTF, because they would act as traps for IL-6 or CNTF. 
thus rendering the cytokine inaccessible to form a sig- 
nal-transducing complex with the native membrane- 
30 bound forms of their receptors. 

[0013] The extracellular portions of many cytokine re- 
ceptors such as both TNF receptors (Van Zee et al., 
1992) have been fused to the constant region of an im- 
munoglobulin heavy chain (Fc). Thereby, disulfide- 
's linked receptor homodimers are generated which are 
similarto IgG antibodies. Such fusion proteins are called 
Fc proteins or immunoadhesins. They show increased 
affinity to their ligands and an increased plasma half-life 
compared with the monomeric soluble receptors (for re- 
40 view Ashkenazi etal., 1997). Furthermore, biologically 
active Fc fusion proteins of IL-2, IL-10, IL-1 5 and IL-1 7 
have been described. Similarto antibodies, secreted re- 
combinant Fc fusion proteins can be purified from cul- 
ture medium by single step purification via Protein A or 
45 Protein G Sepharose. 

DESCRIPTION OF THE INVENTION 

[0014] The aim of the present invention is to provide 
50 a fusion molecule comprising two soluble gp130 
(sgp130) molecules. In particular, a Fc fusion protein of 
soluble gp1 30 (sgpl 30-Fc) has been generated and has 
been found to be highly expressed in COS-7 cells. This 
fusion protein has shown in several cell culture models 
55 as well as with lamina propria cells from Crohn's disease 
patients to specifically block IL-6 responses dependent 
on soluble IL-6R, whereas responses via the membrane 
bound IL-6R remain unaffected. Additionally, sgpl 30-Fc 
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also inhibited proliferation induced by leukemia inhibito- 
ry factor (LIF) and Oncostatin M (OSM) albeit at about 
1000 fold higher concentrations. 
[0015] The fusion molecules of the present invention 
may be engineered using known methods. The domains 
utilized may consist of the entire extracellular domain of 
gp130 or they may consist of mutants or fragments 
thereof that maintain the ability to inhibit the activity of 
the agonistic complex IL-6/slL-6R. 
[0016] The cloning and expression of human gp130 
has been reported in 1 990 together with its putative ex- 
tracellular domain (Hibi et al., 1990). 
[0017] A splice variant of the cDNA encoding a solu- 
ble form of gp130 has been found expressed in blasto- 
cysts (Sharkey et al., 1995). Such variant lacks the in- 
tracellular signaling domain. Fusion molecules accord- 
ing to the invention and comprising two of such sgp130 
variants are comprised in the scope of the present in- 
vention. 

[0018] The fusions may be direct (the C-terminus of 
one polypeptide chain is linked to the N-terminal of the 
other through a simple covalent bond) or they may em- 
ploy a flexible linker domain, such as the hinge region 
of human IgG, or polypeptide linkers consisting of small 
amino acids such as glycine, serine, threonine or 
alanine, at various lengths and combinations. Addition- 
ally, thefusion molecules of the invention may be tagged 
by His-His-His-His-His-His (His6), to allow rapid purifi- 
cation by metal-chelate chromatography, and/or by 
epitopes to which antibodies are available, to allow for 
detection on western blots, immunoprecipitation, or ac- 
tivity depletion/blocking in bioassays. 
[0019] In another embodiment, the fusion protein of 
the invention is prepared using a similarmethod, but us- 
ing the Fc-domain of human lgG1 (Aruffo et al., 1991). 
In this case homodimeric molecules carrying the Fc-do- 
main will be expressed as disulfide-linked homodimers. 
[0020] In another embodiment of the invention the fu- 
sion molecules of the invention are prepared by expres- 
sion as fusion molecules utilizing flexible linker loops. A 
DNA construct encoding the fusion protein is designed 
such that it expresses two soluble or extracellular do- 
mains fused together in tandem ("head to head") by a 
flexible loop. This loop may be entirely artificial (e.g. pol- 
yglycine repeats interrupted by serine or threonine at a 
certain interval) or 'borrowed" from naturally occurring 
proteins (e.g. the hinge region of hlgG). 
[0021] Moreover, the present invention also contem- 
plates the use of engineered, mutated versions of gp1 30 
with novel properties that allow to bind the agonistic 
complex IL-6/slL-6R.. 

[0022] A variety of means can be used to generate 
and identify mutations of sgpl 30 that have the desired 
properties. Random mutagenesis by standard methods 
of the DNA encoding sgpl 30 may be used, followed by 
analysis of the collection of products to identify mutated 
cytokines having the desired novel properties as out- 
lined below. Mutagenesis by genetic engineering has 



been used extensively in orderto elucidate the structural 
organization of functional domains of recombinant pro- 
teins. Several different approaches have been de- 
scribed in the literature for carrying out deletion orsub- 
5 stitution mutagenesis. The most successful appear to 
be alanine scanning mutagenesis (Cunningham et, 
(1 989a) and homolog-scanning mutagenesis (Cunning- 
ham et al., 1989b). 

[0023] The fusion molecules of the present invention 
10 may be prepared by cloning and expression in a 
prokaryotic or eukaryotic expression system, using the 
appropriate expression vectors. Any method known in 
the art can be employed. 

[0024] For examplethe DNA molecules coding forthe 
15 proteins of the invention are inserted into appropriately 
constructed expression vectors by techniques well 
known in the art (see Sambrook et al, 1989). Double 
stranded cDNA is linked to plasmid vectors by homopol- 
ymeric tailing or by restriction linking involving the use 
20 of synthetic DNA linkers or blunt-ended ligation tech- 
niques: DNA ligases are used to ligate the DNA mole- 
cules and undesirable joining is avoided by treatment 
with alkaline phosphatase. 

[0025] In order to be capable of expressing the de- 

25 sired protein, an expression vector should comprise al- 
so specific nucleotide sequences containing transcrip- 
tional and translational regulatory information linked to 
the DNA coding the desired protein in such a way as to 
permit gene expression and production of the protein. 

30 First in order for the gene to be transcribed, it must be 
preceded by a promoter recognizable by RNA polymer- 
ase, to which the polymerase binds and thus initiates 
the transcription process. There are a variety of such 
promoters in use, which work with different efficiencies 

35 (strong and weak promoters). 

[0026] For eukaryotic hosts, different transcriptional 
and translational regulatory sequences may be em- 
ployed, depending on the nature of the host. They may 
be derived form viral sources, such as adenovirus, bo- 

40 vine papilloma virus, Simian virus or the like, where the 
regulatory signals are associated with a particular gene, 
which has a high level of expression. Examples are the 
TK promoter of the Herpes virus, the SV40 early pro- 
moter, the yeast gal4 gene promoter, etc. Transcription- 

45 al initiation regulatory signals may be selected which al- 
low for repression and activation, so that expression of 
the genes can be modulated. 

[0027] The DNA molecule comprising the nucleotide 
sequence coding forthefusion molecule of the invention 

50 is inserted into vector(s), having the operably linked 
transcriptional and translational regulatory signals, 
which is capable of integrating the desired gene se- 
quences into the host cell. The cells which have been 
stably transformed by the introduced DNA can be se- 

55 lected by also introducing one or more markers which 
allow for selection of host cells which contain the ex- 
pression vector. The marker may also provide for pho- 
totrophy to an auxotropic host, biocide resistance, e.g. 
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antibiotics, or heavy metals such as copper, or the like. 
The selectable marker gene can either be directly linked 
to the DNA gene sequences to be expressed, or intro- 
duced into the same cell by co-transfection. Additional 
elements may also be needed for optimal synthesis of 
proteins of the invention. 

[0028] Factors of importance in selecting a particular 
plasmid or viral vector include: the ease with which re- 
cipient cells, that contain the vector may be recognized 
and selected form those recipient cells which do not con- 
tain the vector; the number of copies of the vector which 
are desired in a particular host; and whether it is desir- 
able to be able to "shuttle" the vector between host cells 
of different species. 

[0029] Once the vector(s) or DNA sequence contain- 
ing the construct(s) has been prepared for expression 
the DNA construct(s) mat be introduced into an appro- 
priate host cell by any of a variety of suitable means: 
transformation, transfection, conjugation, protoplast fu- 
sion, electroporation, calcium phosphate-precipitation, 
direct microinjection, etc. 

[0030] Host cells may be either prokaryotic or eukary- 
otic. Preferred are eukaryotic hosts, e.g. mammalian 
cells, such as human, monkey, mouse, and Chinese 
hamster ovary (CHO) cells, because they provide post- 
translational modifications to protein molecules, includ- 
ing correct folding or glycosylation at correct sites. Also 
yeast cells can carry out post-translational peptide mod- 
ifications including glycosylation. A number of recom- 
binant DNA strategies exist which utilize strong promot- 
er sequences and high copy number of plasmids which 
can be utilized for production of the desired proteins in 
yeast. Yeast recognizes leader sequences on cloned 
mammalian gene products and secretes peptides bear- 
ing leader sequences (i.e., pre-peptides). 
[0031 ] After the introduction of the vector(s), the host 
cells are grown in a selective medium, which selects for 
the growth of vector-containing cells. Expression of the 
cloned gene sequence(s) results in the production of the 
desired proteins. 

[0032] Purification of the recombinant proteins is car- 
ried out by any one of the methods known for this pur- 
pose, i.e. any conventional procedure involving extrac- 
tion, precipitation, chromatography, electrophoresis, or 
the like. A further purification procedure that may be 
used in preference for purifying the protein of the inven- 
tion is affinity chromatography using monoclonal anti- 
bodies which bind the target protein and which are pro- 
duced and immobilized on a gel matrix contained within 
a column. Impure preparations containing the recom- 
binant protein are passed through the column. The pro- 
tein will be bound to the column by the specific antibody 
whilethe impurities will pass through. Afterwashing, the 
protein is eluted from the gel by a change in pH or ionic 
strength. 

[0033] A further object of the present invention is a 
DNA molecule comprising the DNA sequence coding for 
the above fusion protein, as well as nucleotide sequenc- 



es substantially the same. "Nucleotide sequences sub- 
stantially the same" includes all other nucleic acid se- 
quences which, by virtue of the degeneracy of the ge- 
netic code, also code for the given amino acid se- 
5 quence. 

[0034] For the production of the fusion protein of the 
invention, the DNA sequences are obtained from exist- 
ing clones . 

[0035] Analogs or variants in accordance with the 
10 present invention may also be determined in accord- 
ance with the following procedure. The DNA of the na- 
tive sequences is known in the prior art and is found in 
the literature. Polypeptides encoded by any nucleic ac- 
id, such as DNA or RNA, which hybridizes to the corn- 
's plement of the native DNA or RNA under highly stringent 
or moderately stringent conditions, as long as that 
polypeptide maintains the biological activity of the native 
sequence, are also considered to be within the scope of 
the present invention. 
20 [0036] Stringency conditions are a function of thetem- 
perature used in the hybridization experiment, the mo- 
larity of the monovalent cations and the percentage of 
formamide in the hybridization solution. To determine 
the degree of stringency involved with any given set of 
25 conditions, one first uses the equation of Meinkoth et al. 
(1 984) for determining the stability of hybrids of 100% 
identity expressed as melting temperature Tm of the 
DNA-DNA hybrid: Tm = 81 .5°C + 16.6 ( Log M) + 0.41 
(%GC) - 0.61 (% form) - 500/L, where M is the molarity 
30 of monovalent cations, %GC is the percentage of G and 
C nucleotides in the DNA, % form is the percentage of 
formamide in the hybridization solution, and L is the 
length of the hybrid in base pairs. For each 1 °C that the 
Tm is reduced from that calculated for a 100% identity 
35 hybrid, the amount of mismatch permitted is increased 
by about 1 %. Thus, if the Tm used for any given hybrid- 
ization experiment at the specified salt and formamide 
concentrations is 10°C below the Tm calculated for a 
100% hybrid according to equation of Meinkoth, hybrid- 
40 ization will occur even if there is up to about 10% mis- 
match. 

[0037] As used herein, highly stringent conditions are 
those which are tolerant of up to about 15% sequence 
divergence, while moderately stringent conditions are 

45 those which are tolerant of up to about 20% sequence 
divergence. Without limitation, examples of highly strin- 
gent (12-15°C below the calculated Tm of the hybrid) 
and moderately (15-20°C below the calculated Tm of 
the hybrid) conditions use a wash solution of 2 X SSC 

50 (standard saline citrate) and 0.5% SDS at the appropri- 
ate temperature below the calculated Tm of the hybrid. 
The ultimate stringency of the conditions is primarily due 
to the washing conditions, particularly if the hybridiza- 
tion conditions used are those which allow less stable 

55 hybrids to form along with stable hybrids. The wash con- 
ditions at higher stringency then remove the less stable 
hybrids. A common hybridization condition that can be 
used with the highly stringent to moderately stringent 



4 



7 



EP 1 148 065 A1 



8 



wash conditions described above is hybridization in a 
solution of 6 X SSC (or 6 X SSPE), 5 X Denhardt's re- 
agent, 0.5% SDS, 100 jig/ml denatured, fragmented 
salmon sperm DNA at a temperature approximately 20° 
to 25°C below the Tm. If mixed probes are used, it is 
preferable to use tetramethyl ammonium chloride 
(TMAC) instead of SSC (Ausubel, 1987-1998). 
[0038] Another object of the present invention are 
PEGylated or other chemically modified forms of the hy- 
brid proteins. 

[0039] The fusion molecules of the present invention 
are useful in the treatment and/or prevention of all the 
pathologies, in which the activity of the agonistic com- 
plex IL-6/slL-6R must be inhibited. For example, thera- 
peutic uses of the fusion molecules of the invention 
would include the following: 

a) IL-6 appears to be directly involved in multiple 
myeloma by acting in either an autocrine or para- 
crine fashion to promote tumor formation (van Oers 
et al., 1993). Furthermore, the elevated IL-6 levels 
create undesirable secondary effects such as bone 
resorption, hypercalcemia, and cachexia. In these 
cases it is known that slL-6R sensitizes target cells 
for IL-6. Therefore, the fusion molecules of the in- 
vention as described herein would be beneficial for 
both the secondary effects as well as for inhibiting 
tumor growth. 

b) In autoimune diseases: the pathogenic signifi- 
cance of IL-6 in autoimmune disorders has been re- 
viewed by many authors in the literature (see 
Yoshizaki et al., 1992), thus interference with IL-6 
signal transduction may be useful for autoimmune 
disease therapy (Nishimoto et al., 1 999). Examples 
of such pathologies are systemic lupus erythema- 
tosus, Hashimoto's thyroiditis, scleroderma, rheu- 
matoid arthritis, multiple sclerosis, Autoimmune ep- 
ithelitis, Diabetes mellitus, Sjogren's syndrome, pol- 
ymyositis, glomerulonephritis and other inflamma- 
tory diseases, such as psoriasis and Chron's dis- 
ease. 

c) In osteoporosis, which can be exacerbated by 
lowering of estrogen levels in postmenopausal 
women or through ovariectomy, IL-6 appears to be 
a critical mediator of osteoclastogenesis, leading to 
bone resorption (Jilka et al., 1992). Importantly, IL- 
6 only appears to play a major role in the estrogen- 
depleted state, and apparently is minimally involved 
in normal bone maintenance. Consistent with this, 
experimental evidence indicates that function- 
blocking antibodies to IL-6 can reduce the number 
of osteoclasts [Jilka et al., 1992)]. While estrogen 
replacement therapy is also used, there appear to 
be side effects that may include increased risk of 
endometrial and breast cancer. Thus, the fusion 
molecules of the invention as described herein 
would be more specific to reduce osteoclastogene- 
sis to normal levels. 



d) IL-6 may be a mediator of tumor necrosis factor 
(TNF) that leads to cachexia associated with AIDS 
and cancer (Strassmann et al.. 1992), perhaps by 
reducing lipoprotein lipase activity in adipose tissue 

5 (Greenberg, et al., 1992). Accordingly, the fusion 

molecules of the invention described herein would 
be useful in alleviating or reducing cachexia in such 
patients. 

e) bacterial and viral infections: the presence of Hu- 
10 man Herpes Virus 8 (HHV8) has been demonstrat- 
ed in more than 90 % of Kaposi's sarcoma (KS) le- 
sions. Moreover, the virus has been identified in pri- 
mary effusion lymphoma (PEL) and in patients with 
multicentric Castleman disease (MCD). Intriguingly. 

15 bone marrow dendritic cells from multiple myeloma 
(MM) patients were shown to be infected by HHV8. 
Since then, the association of HHV8 with MM has 
been a subject of fierce debate, which was recently 
revived. The genome of HHV8 codes for several 

20 proteins with significant homologies to human an- 
tiapoptotic proteins, chemokines, and cytokines in- 
cluding a viral form of lnterleukin-6 (vlL-6) with 25 
% homology to human IL-6 (Moore et al., 1996). 

25 [0040] vlL-6 has been demonstrated to have biologic 
activities reminiscent of human IL-6, i.e. stimulation of 
proliferation of murine hybridoma and human myeloma 
cells. More recently it was shown in mice, injected with 
vlL-6 transfected NIH3T3 cells, that vlL-6 induced ang- 

30 iogenesis and hematopoiesis. It was concluded that 
through these functions vlL-6 played an important role 
in the pathogenesis of HHV8-associated disorders. The 
contribution of the IL-6Rto vlL-6 signaling has been dis- 
cussed controversially. Molden et al. using unpurified 

35 supernatants of vlL-6 transfected COS-7 cells have 
shown that STAT activity was induced in cells express- 
ing gp1 30 but no IL-6R (Molden etal., 1997). In contrast, 
Burger et al. found that the activity of vlL-6 was reduced 
by an IL-6 receptor antagonist, arguing for an involve- 

40 ment of IL-6R in vlL-6 signaling (Burger et al., 1998). 
Here we showthat purified recombinant vlL-6 physically 
interacted with gp130 but not with IL-6R and that IL-6R 
was dispensable for the biologic activity of vlL-6. The 
activity of vlL-6 is inhibited by sgp130-Fc fusion protein. 

45 [0041] Pharmaceutical compositions according to the 
invention include the fusion molecules described above 
in a pharmacologically acceptable carrier, linked to a 
carrier and/or incorporated into liposomes, microcap- 
sules, and controlled release preparation. For example, 

50 the pharmaceutical composition may comprise one or 
more of the fusion molecules in an aqueous solution, 
such as sterile water, saline, phosphate buffer or dex- 
trose solution. Alternatively, the active agents may be 
comprised in a solid (e.g. wax) or semisolid (e.g. gelat- 

55 inous) formulation that may be implanted into a patient 
in need of such treatment. 

[0042] The administration route may be any mode of 
administration known in the art, including but not limited 



5 



9 



EP 1 148 065 A1 



10 



to intravenously, intrathecal^, subcutaneously, by injec- 
tion into involved tissue, intraarterial^, intranasally, oral- 
ly, orvia an implanted device. Administration may result 
in the distribution of the active agent of the invention 
throughout the body or in a localized area. For example, 5 
in some conditions, which involve distant regions of the 
nervous system, intravenous or intrathecal, administra- 
tion of agent may be desirable. In some situations, an 
implant containing active agent may be placed in or near 
the lesioned area. 10 
[0043] Another object of the present invention is, 
therefore, the method for treating and/or preventing one 
of the above-mentioned diseases by an effective 
amount of the fusion molecule of the invention, together 
with a pharmaceutically acceptable excipient. 15 
[0044] An "effective amount" refers to an amount of 
the active ingredients that is sufficient to affect the 
course and the severity of the disease, leading to the 
reduction or remission of such pathology. The effective 
amount will depend on the route of administration and 20 
the condition of the patient. 

[0045] Effective doses useful for treating and/or pre- 
venting these or other related diseases or disorders may 
be determined using methods known to one skilled in 
the art (see for example, Fingl, et al., The Pharmacolog- 25 
ical Basis of Therapeutics, Goodman and Gilman, eds. 
Macmillan Publishing Co., New York, pp. 1-46 ((1975)). 
[0046] A further object of the present invention are the 
pharmaceutical compositions containing thefusion mol- 
ecule of the invention, in the presence of one or more 30 
pharmaceutically acceptable excipients. 
[0047] "Pharmaceutically acceptable" is meant to en- 
compass any carrier, which does not interfere with the 
effectiveness of the biological activity of the active in- 
gredient and that is not toxic to the host to which is ad- 35 
ministered. 

[0048] The invention will now be described by means 
of the following Examples, which should not be con- 
strued as in any way limiting the present invention. 
These Examples will refer to the Figures specified here 40 
below. 

DESCRIPTION OF THE FIGURES 

[0049] 45 

Figure 1 

Schematic drawings of sgp130-Fc and sgp130his 
constructs. 

Figure 2 50 
Interaction of gp130 proteins with the IL-6/slL-6R 
complex. (A) Metabolically labeled H-IL-6 was im- 
munoprecipitated from 200 jil culture medium of 
transfected COS-7 cells using 0.5 g of sgp130-Fc 
(lane 2) or an irrelevant Fc fusion protein 55 
(R27080Fc) as negative control (lane 1). (B) Meta- 
bolically labeled sgp130his was immunoprcipitated 
from 200 [i culture medium of transfected COS-7 



cells using 0.5 jag of H-IL-6-Fc (lane 2) or the unre- 
lated R27080Fc protein as negative control (lane 1). 
Immunocomplexes were analyzed by SDS-PAGE 
and fluorography. 
Figure 3 

Binding of human and murine gp130 to IL-6/IL-6R 
complex components: Metabollically labeled 
murine slL-6R (lane 1-7) or human slL-6R (lane 
8-14) was immunoprecipitated from 250 ul culture 
media of transfected COS-7 cells using either 1 jig 
of human sgp130-Fc (h), murine gp1 30Fc (m) or hu- 
man IL-6Fc (h), as indicated in the panel. Precipi- 
tation took place in the presence or absence of 350 
ng of human IL-6 (h) or murine IL-6 (m), as indicat- 
ed. Immunocomplexes were analyzed by SDS- 
PAGE and fluorography. 
Figure 4 

Kinetics of binding of H-IL-6 to immobilized 
sgp130-Fc. (A) Association of H-IL-6 to immobilized 
sgpl 30-Fc led to the increase of the resonance an- 
gle alpha as a function of time. The association 
phase was recorded for different nanomolar H-IL-6 
concentrations as indicated. (B) Calculation of the 
obtained data from the curves allowed the determi- 
nation of the dissociation rate constant kd from the 
ordinate intercept and the association rate constant 
ka from the slope of the graph. All kinetic experi- 
ments were performed at controlled temperature 
(25 °C). 
Figure 5 

(A) Proliferation of BAF/gp130 cells in response to 

5 ng/ml H-IL-6 and increasing amounts of 
sgpl 30-Fc or sgp130his. (B) Proliferation of BAF/ 
gp130/IL-6R cells in response to 1 ng/ml IL-6 and 
increasing amounts of sgpl 30-Fc or sgp130his. 
The data represent means +/- SD of two parallel ex- 
periments. (C) Proliferation of BAF/gp130 cells in 
response to 100 ng/ml IL-6 together with 50 ng/ml 
slL-6R and increasing amounts of sgpl 30-Fc or 1 0 
ng/ml H-IL-6 and increasing amounts of sgpl 30-Fc. 
The data represent means +/- SD of three parallel 
experiments. 

Figure 6 

Proliferation of BAF/gp1 30/LIFR/CNTFR cells in re- 
sponse to 10 ng/ml H-IL-6, 1 ng/ml LIF, 10 ng/ml 
OSM or 0.5 ng/ml CNTF in the presence of increas- 
ing amounts of sgpl 30-Fc. The data represent 
means +■/- SD of two parallel experiments. 
Figure 7 

Inhibition of acute phase in hepatoma cells: (A) 
HepG2 cells were stimulated with 100 ng/ml of IL- 

6 or H-IL-6 for 18 h in the presence or absence of 
1 jig/ml sgpl 30-Fc, (B) HepG2/IL-6 cells were stim- 
ulated with 1 00 ng/ml of IL-6R-Fc or H-IL-6 with or 
without 1 jig/ml sgpl 30-Fc for 18 h. Unstimulated 
cells treated with or without sgpl 30-Fc were used 
as control (co). a1 -Antichymotrypsin expression of 
the cells was analyzed by 4 h of pulse labeling and 
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subsequent immuneprecipitation with a specific an- 
tibody. Immune-complexes were analyzed by SDS- 
PAGE and fluorography. 
Figure 8 

Analysis of apoptosis in lamina propria mononu- 
clear cells (LPMC) of Crohn patient. LPMCs were 
isolated as described and cultured as described for 
48 h in the presence or absence of 10 jig/ml of a 
neutralizing IL-6R specific antibody or sgp130-Fc. 
Subsequently cells were stained for Annexin V and 
propidiumiodide and analyzed by FACS. Percent- 
age of apoptotic (Annexin V positive and propidiu- 
miodide negative) cells is shown. 

EXAMPLES 

EXAMPLE 1 
Materials 

[0050] DM EM, penicillin and streptomycin were pur- 
chased from Gibco (Eggenstein, Germany). FCS was 
obtained from Seromeal (Berlin, Germany). DEAE-Dex- 
tran was purchased from Sigma (Taufkirchen, Germa- 
ny). Restriction enzymes were from New England Bi- 
olabs (Schwalbach. Germany) or AGS (Heidelberg, 
Germany). T4-DNA-I_igase and Polynucleotide Kinase 
were from Boehringer Mannheim (Mannheim, Germa- 
ny). Protein A Sepharose was obtained from Pharmacia 
(Freiburg, Germany). Tran-35S-Label (44 TBq/mmol) 
was from ICN (Meckenheim, Germany), [6-3H]thymi- 
dine (74 GBq/mmol) was obtained from Amersham In- 
ternational (Aylesbury, UK.). X-Ray films (X-OMAT-AR) 
were from Eastman Kodak (Rochester, NJ). H-IL-6was 
generated as described; H-IL-6, slL-6R, H-IL-6-Fc and 
IL-6-Fc were produced as described (Fischer et al., 
1997); Ozbek et al., 1998; Jostock et al., 1999. 
[0051] The human IL-6R-Fc was constructed by fus- 
ing the cDNA coding for the extracellular portion of the 
human IL-6Rto a cDNA coding forthe human Fc portion 
of lgG1 using the restriction sites Sspl and EcoRV, re- 
spectively. Human slL-6R and murine slL-6R cDNAs 
were generated as described previously (Mackiewicz et 
al., 1992; Mackiewicz et al., 1995). The pCDM8 vector 
(Invitrogen, Leek, NL) was used for expression of sIL- 
6R proteins in mammalian cells. H-IL-6 in the pCDM8 
expression vector 

Construction of gp130 expression pfasmids 

[0052] The cDNA sequence coding for the extracel(ul- 
ar domain of gp130 was fused to a Bgl2/Notl fragment 
coding the constant region of a human lgG1 heavy chain 
[Fanslow et al., 1992). A Xhol/EcoR1 fragment of the 
gp130cDNAwas ligatedtothe Fc portion via a synthetic 
oligonucleotide adapter. To obtain a poly His tagged ver- 
sion of soluble gp130 the Fc portion in the sgp130-Fc 
construct was replaced by a synthetic oligonucleotide 



adapter coding for 6 histidine residues followed by a 
translational stop codon. For expression of proteins the 
mammalian expression plasmid pDC409 (Giri et al., 
1994) was used. 

5 

Culture and transfection of cells 

[0053] HepG2, COS-7, BAF/gp130 and BAF/ 
gp130/IL-6R cells were grown in DM EM at 37 °C, 5 % 
10 C02 in a water saturated atmosphere. Cell culture me- 
dia were supplemented with 1 0 % FCS, 1 00 mg/l strep- 
tomycin and 60 mg/l penicillin. BAF/gp130/IL-6R were 
cultured in presence of 10 ng/ml IL-6, BAF/gp130 in 
presence of 1 0 ng/ml H-IL-6, BAF/gp 1 30/LI FR/CNTFR 
15 in presence of 1 0 ng/ml CNTF. COS-7 cells were trans- 
fected using the DEAE-Dextran method (McMahan et 
al., 1991). For production of recombinant proteins cells 
were cultured in media containing 0.5 % FCS, superna- 
tants were collected on day 5 post transfection. 

Purification of recombinant proteins 

[0054] sgp130-Fc was purified as described for IL- 
6Fc previosly. sgp130his was purified from 900 mi cul- 
ture media at a t mi NJ/chelate column (Pharmacia) by 
elution with 100 mM imidazol using an FPLC system 
(Aekta Explorer, Pharmacia). Protein containing frac- 
tions identified by SDS-PAGE and subsequent silver- 
stainig were pooled and dialized against PBS. Concen- 
trations of purified proteins were determined using a 
BCA micro protein assay (Pierce, Rockford, IL) following 
the manufacturer's instructions or estimated from silver- 
stained SDS-PAGE. 

Immunoprecipitation of proteins 

[0055] Cells were metabollically labeled 48 h after 
transfection with 50 mCi/mi [ 35 S]methionine/[ 35 S] 
cysteine in methionine/cysteine free medium for 8 
hours. Secreted proteins were immunoprecipitated as 
using 1 jig/ml of appropriate antibodies or Fc proteins, 
Immune complexes were precipitated from culture me- 
dia using Protein A Sepharose, analyzed by SDS-PAGE 
(Laemmli, 1970) and visualized by fluorography using 
the flourographic intensifyer solution "Amplify" (Amer- 
sham). 

Binding assay 

[0056] sgp130-Fc was covalently immobilized to a 
carboxymethyl dextran matrix (Fisons, Loughborough, 
UK) following the manufacturer's recommendations 
(Krebs et al. 1998). Binding experiments were per- 
formed at controlled temperature (25 °C) with different 
concentrations of H-IL-6 usingthe IASYS™ (Fisons) op- 
tical biosensor. Association and dissociation affino- 
grams were analyzed by nonlinear regression with the 
FASTfit (Fisons) software, which uses the Marquard- 
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Levenburg algorithm for iterative data fitting. 
Proliferation assays 

[0057] BAF/gp130, BAF/gp1 30/IL-6R and BAF/ 
gp130/LIFR/CNTFR cells (Kallen et al., 1999) were ex- 
tensively washed with PBS in order to remove growth 
factors and resuspended in cytokine free medium. 5 x 
10 3 cells/well of a 96-well plate were cultured in a final 
volume of 1 00 mi with cytokines and increasing amounts 
of gp130 proteins as indicated in figures for 68 hours 
and subsequently pulse labeled with 0.25 mCi [ 3 H]thy- 
midine for 4 hours. Cells were harvested on glass filters 
and incorporated [ 3 H]thymidine was determined by 
scintillation counting. 

Acute phase assay on hepatoma ceils 

[0058] HepG2 cells and HepG2 cells stably transfect- 
ed with human IL-6 cDNA (HepG2/IL-6 cells) (Mackie- 
wicz et al., 1992) were grown nearconfluency and stim- 
ulated for 1 8 h with 1 00 ng/ml IL-6, H-IL-6 or slL-6R-Fc 
in the presence or absence of 1 jig/ml sgpl 30-Fc as in- 
dicated in the figures. 

[0059] Subsequently cells were pulse labeled for 4 h 
with [ 35 S]-cysteine/methionine (10 jaCi/ml). The super- 
natants of the cells were treated with pansorbin for 1 h 
before radioactive labeled a1 -antichymotrypsin was im- 
munoprecipitated with an specific antibody (Gibco, Egg- 
enstein, Germany) and detected by SDS-PAGE and 
fluorography. 

Isolation and stimulation of human lamina propria 
mononuclear cells 

[0060] Lamina propria mononuclear cells (LPMC) 
were and cultured in complete media consisted of RP- 
M 1-1 640 with 3 mM L-glutamine, 10 mM HEPES Buffer, 
10 jag/ml gentamycin (Whittecker, Walkersville, MD), 
100 U/mi each of penicillin and streptomycin (Whittack- 
er), 0.05 mM 2ME (Sigma Chemicals, St. Louis, MO) 
and 10 % heat-inactivated fetal calf serum. Cells were 
stimulated with C reactive protein (10 ug/ml Sigma 
Chem), 50 ng/ml PMA and 1 0 ug/ml phytohaemaggluti- 
nin (PHA, Sigma) in the presence or absence of 
sgpl 30-Fc or an neutralizing IL-6R specific antibody, 
both at 1 and 10 u.g/ml as indicated in the figure. After 
48 h cells were stained with annexin V and propidium 
iodide using the Annexin V FITC Apoptosis Detection 
Kit I (Pharmingen) and analyzed by FACS. 

Results and discussion 

Expression and purification of soluble gp130 protein. 

[0061] Two soluble forms of gp130 were generated. 
The cDNA coding the extracellular portion of human or 
murine gp130 was fused to the constant region of a hu- 



man lgG1 heavy chain (sgp130-Fc). This kind of fusion 
proteins are generally called Fc-proteins or immunoad- 
hesins (Ashkenazi et al., 1997; Jostok et al., 1999). A 
schematic representation of sgpl 30-Fc is shown in Fig. 

5 1 . In the second construct we added a "hexa-histidine" 
sequence tag to the COOH-terminus of the extracellular 
part of human gp130 (sgp130his) (Fig. 1). sgp130-Fc 
and sgp130his were transiently expressed in COS-7 
cells and purified from culture media by affinity chroma- 

10 tography at Protein A Sepharose or Ni-Chelat Agarose, 
respectively. Purified gp130 proteins were analyzed by 
SDS-PAGE under reducing conditions and silver stain- 
ing. 

1 5 Binding ofsgp 1 30-Fc to the complex of IL-6 and soluble 
IL-6R. 

[0062] The formation of a ternary complex composed 
out of IL-6, the soluble forms of IL-6R and gp130 has 

20 been demonstrated previously. To analyze binding of 
sgpl 30-Fc and sgp130his to IL-6/slL-6R we used the 
fusion protein "Hyper-IL-6" (H-IL-6) in which the COOH- 
terminus of the ligand binding domain of the IL-6R is 
fused to the NH2-terminus of IL-6 via a flexible peptide 

25 linker (Fischer et al., 1 997). As shown in figure 2, radi- 
olabeled H-IL-6 and sgpl 30his were immunoprecipitat- 
ed with sgpl 30-Fc and H-IL-6Fc, respectively. 
[0063] Human IL-6 binds the human slL-6R and with 
lower affinity the murine slL-6R ; whereas murine IL-6 

30 only binds the murine receptor. Therefore, it was of in- 
terest to investigate if further species restrictions apply 
to the formation of the ternary complex of IL-6, slL-6R 
and sgp130 (Fig. 3). Radiolabeled murineorhuman sIL- 
6R was immuneprecipitated with murine or human 

35 sgpl 30-Fc in the absence or presence of murine or hu- 
man IL-6. No slL-6R was co-precipitated by sgpl 30-Fc 
in absence of IL-6. Murine slL-6R formed a ternary com- 
plex with all combinations IL-6 and sgpl 30-Fc. As ex- 
pected, human slL-6R could only be co-precipitated by 

40 murine or human sgpl 30-Fc in the presence of human 
IL-6. Interestingly, the murine slL-6R was not precipitat- 
ed by IL-6Fc, a fusion protein of human IL-6 and human 
lgG1, indicating a very low affinity of human IL-6 to 
murine slL-6R in the absence of gp130. Our results 

45 cleady show that human slL-6Rcan interact with murine 
sgp130 and viceversa. 

[0064] Kinetics of binding of H-IL-6 to sgpl 30-Fc were 
measured by plasmon resonance (Fig. 4A). sgpl 30-Fc 
was immobilized to an IASYS™ cuvette (see "Materials 

50 and Methods") and real-time interaction of H-IL-6 and 
sgpl 30-Fc was analyzed. In Fig. 4 association curves 
recorded for 7 concentrations of H-IL-6 are shown. The 
data obtained were used to calculate an association 
rate, kass = 4.08 x 106 +/- 2.55 x 105 M-1 s-1 , and a 

55 dissociation rate, kdiss = 1 .71 x 1 0-2 +/- 0.001 2 s-l, be- 
tween H-IL-6 and sgpl 30-Fc. From these values an af- 
finity of Kd = 4.20 nM can be derived (Fig, 4B). 
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Inhibition of si £-6IR dependent proliferation of BAF/3 
cells. 

[0065] Having shown that sgp130 specifically inter- 
acts with the complex of IL-6/slL-6R it was of interest to 
know if sgpl 30 proteins interfere with the biotogic activ- 
ity of IL-6 and slL-6R. We made use of the IL-3 depend- 
ent pre-B cells BAF/3 which do not express gp130 and 
aretherefore not responsive to IL-6 or IL-6/slL-6R. BAF/ 
3 cells stable transfected with human gp130 cDNA 
(BAF/gp130) or human gp130 and slL-6R cDNAs (BAF/ 
gp130/IL-6R), however, in the absence of IL-3 grow in 
response to IL-6/slL-6R or IL-6, respectively 0. Prolifer- 
ation of BAF/gp130 cells stimulated by H-IL-6 was 
blocked by sgpl 30-Fc and sgpl 30his in a dose depend- 
ent manner (Fig. 5A). sgpl 30-Fc turned out to be about 
10 fold more active than sgp130his, when of both pro- 
teins were used in equal molar concentration. None of 
the gp130 proteins had an influence on proliferation of 
BAF/gp1 30/IL-6R cells induced by IL-6 (Fig. 5B). These 
results clearly show that sgpl 30 specifically neutralizes 
the activity of slL-6R complexed with IL-6 and fails to 
interfere with responses triggered via membrane bound 
IL-6R. Furthermore, we compared the effect of 
sgpl 30-Fc on BAF cell proliferation induced by H-IL-6 
and IL-6 plus slL-6R and obtained similar results. Acon- 
centration of 20 ng sgp130-Fc/mi led to 50% inhibition 
of proliferation induced by 1 0 H-IL-6 and 1 0 IL-6 plus 50 
slL-6R, respectively (Fig. 5C). 

Effect of sgpl 30-Fc on responses to other IL-6 type 
cytokines. 

[0066] Besides being the signal transducing subunit 
of the IL-6R complex, gp130 is also involved in signaling 
in response to e.g. leukemia inhibitory factor (LIF), on- 
costatin M (OSM) and ciliary neurotrophic factor 
(CNTF). LIF and OSM act via a surface receptor com- 
posed of gp130 and LIFR. The CNTFR complex also 
contains gp130 and LIFR and, similar to the IL-6R com- 
plex, an additional ligand binding protein (CNTFR). To 
investigate the effect of sgpl 30-Fc on responses to 
these IL-6 type cytokines, we used BAF/3 cells express- 
ing gp130, LIFR and CNTFR (BAF/gp130/LIFR/CNT- 
FR). Whereas sgpl 30-Fc had no effect on CNTF in- 
duced proliferation of these cells, proliferation stimulat- 
ed by LIF and OSM was inhibited at high concentrations 
of sgpl 30-Fc (Fig. 6). sgpl 30-Fc did not influence the 
response of B AF/g p 1 30/L I F R/C NTFR cells to IL-3. Of 
note, the inhibitory effect of sgpl 30-Fc on LIF and OSM 
induced proliferation is very weak compared to its effect 
on the response stimulated by H-IL-6. 

sgp 1 30-Fc inhibits slL-6R dependent acute phase 
protein synthesis in HepG2 hepatoma ce/rs. 

[0067] Human hepatoma cells HepG2 synthesize so 
called acute phase proteins such as haptoglobin and cd- 



antichymotrypsin in response to IL-6 (Gauldie et al., 
1987) or IL-6/SIL-6R (Mackiewicz et al, 1992). HepG2 
cells treated with IL-6 or HqL-6 in the absence or pres- 
ence of sgpl 30-Fc were metabolically labeled for 4 

5 hours, and subsequently the amount of oc1 -antichymot- 
rypsin secreted into culture media was analyzed (Fig. 
7A). sgpl 30-Fc had no effect on IL-6 induced synthesis 
of the protein, whereas the H-IL-6 induced synthesis of 
al-antichymotrypsin was strongly inhibited. These re- 

10 suits underlineourfindingthatsgp130-Fcspecifically in- 
hibits slL-6R dependent responses and does not inter- 
fere with the cell surface expressed IL-6R. 
[0068] Similar results were obtained with HepG2-IL-6 
cells. These cells upon stable transfection of a human 

15 IL-6 cDNA lost surface expression of IL-6R. Although 
these cells secrete high amounts of IL-6 into theirculture 
medium, they became completely unresponsive to IL-6. 
HepG2-IL-6 cells could, however, be stimulated by the 
complex of IL-6/slL-6R [33]. In agreement with our re- 

20 suits obtained with HepG2 cells, slL-6R and H-IL-6 in- 
duced a1 -antichymotrypsin synthesis in HepG2-IL-6 
cells was strongly inhibited by sgpl 30-Fc. 

sgp 1 30-Fc inhibits the antiapoptotic effect of slL-6R on 
25 Crohn patients lamina propria cells. 

[0069] Crohn's disease (MCD) is a chronic inflamma- 
tory disease of the gastrointestinal tract. It has been sug- 
gested that an activation of the mucosal immnue system 
30 in response to bacterial antigens with consecutive path- 
ologic cytokine production plays a key pathogenic role. 
A neutralizing antibody directed against IL-6R was able 
to suppress the resistance of MCD patient lamina pro- 
pria mononuclear cells (LPMC) against apoptosis. We 
35 wanted to analyze whether an antiapoptotic effect of IL- 
6 in this system is transduced via surface expressed IL- 
6R, or if the resistance of immnue competent cells 
against apoptosis is dependent of the presence of sIL- 
6R. LPMC were cultured in presence of neutralizing anti 
40 IL-6R antibody or sgpl 30-Fc under the conditions de- 
scribed in "Materials and Methods". Apoptotic cells were 
determined / detected as Annexin V positive, Propidiu- 
miodide negative cells by FACS ananlysis. Untreated 
samples contained around 60 % apoptotic cells. Treat- 
45 ment with the IL-6R neutralizing antibody or sgpl 30-Fc 
resulted in an increase of apoptotic cells by 15 % and 
13 %, respectively. The efficacy of sgp 1 30-Fc points to 
an important role of slL-6R for the resistance of LPMC 
against apoptosis. It is not likely that membrane ex- 
50 pressed IL-6R contributes to the antiapoptotic effect, 
since antibody and sgpl 30-Fc treatment led to a similar 
increase in the number of apoptotic cells. 

EXAMPLE 2 

55 

Materials, antibodies and cell lines 

[0070] The gp130 neutralizing antibody GPX7 was a 
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kind giftfrom Dr. Yasukawa (Tosoh, Tokyo, Japan). BAF/ 
3 cells stably transfected with human gp130 and IL-6R 
cDNAs have been previously described (Fischer et al., 
1 997). A role for the immunoglobulin-like domain of the 
human IL-6 receptor: intracellular protein transport and 
shedding. Eur J Bfochem 263:438). The preparation and 
characterization of the cell line HepG2-IL-6 has been 
described (Mackiewicz et al., 1992). 

Expression and purification of recombinant vlL-6 

[0071] vlL-6 DNA was amplified by PCR and inserted 
into the mammalian expression plasmid pDC409 (Jos- 
tock et al. , 1 999) as a DNA 3' coding for a hexahistidine 
tagged protein using Sal I and Not I restriction sites. 
COS-7 cells were transfected using DEAE dextran, su- 
pernatants were collected after 5 days and purified at 
Ni-NTA agarose according to the manufactures instruc- 
tions (Quiagen, Hilden, Germany). Column material was 
equilibrated with 50 mM phosphate buffer pH 7.5/500 
mM NaCI/20 mM imidazole, after loading of culture su- 
pernatant the column was washed with equilibration 
buffer and eluted with 50 mM phosphate buffer pH 
7.5/500 mM NaCI/100 mM imidazole. Eluted proteins 
were pooled and dialyzed against PBS at 4°C. 

Precipitation of vlL-6 with Fc fusion proteins. 

[0072] COS-7 eel Is were transfected with the vl L-6 ex- 
pression plasmid. 48 h after transfection cells were met- 
abolically labeled for 8 h with 50 jiCi/ml [ 35 S] -cysteine/ 
methionine in cysteine/methio nine-free medium (Gibco, 
Eggenstein, Germany). Supernatants were incubated 
for 2 h at 4°C with a rabbit antiserum raised against a 
bacterially expressed vlL-6 protein. Alternatively, super- 
natants were incubated with 2 pg/ml of human IL-6-Fc 
(Jostock et al., 1999), human sgp130-Fc or a human 
IL6R-Fc. The human IL-6R-Fc was constructed by fus- 
ing the cDNA coding for the extracellular portion of the 
human IL-6Rto a cDNA coding forthe human Fc portion 
of lgG1 (Jostock et al., 1999), using the restriction sites 
Sspl and EcoRV, respectively. The extracellular part of 
gp130was fused to the Fc portion of a human lgG1 (Jos- 
tock et al., 1 999), as a Xhol-EcoRI fragment. All Fc-pro- 
teins were transiently expressed in COS-7 cells and pu- 
rified at protein A-Sepharose (Jostock et al., 1 999). Im- 
mune complexes were precipitated with protein A- 
Sepharose, separated by SDS-PAGE and visualized by 
fluorography. 

BAF/3 ceii prof iteration assays 

[0073] Proliferation of transfected BAF/3 cells was 
measured in 96-well mic rot it re plates. The cells were ex- 
posed to cytokines for 68 h and subsequently pulse-la- 
beled with [ 3 H]-thymidine for 4 h. Proliferation rates 
were measured by harvesting the cells on glass filters 
and determination of the incorporated radioactivity by 



scintillation counting. For each cytokine the proliferation 
assay was performed at least three times in triplicates. 

Analysis of phosphorylated STAT3 in hepatoma celfs 

5 

[0074] HepG2-IL-6 cells were grown to confluency. 4 
h prior to stimulation with cytokinee, cells were serum 
starved. After 15 rain of stimulation, cells were washed 
in PBS and lysed in laemmli buffer. Proteins were sep- 
arated by 10 % SDS-PAGE electrophoresis and ana- 
lyzed by Western blotting using the phospho-STAT3 
(Y705) mAB Biolabs, Frankfurt, Germany). 

Isolation and culture of human vascular smooth muscle 
cells. 

[0075] Smooth muscle cells (SMC) were obtained 
from pieces of human aortas obtained during aneurysm 
surgery (5 male donors, mean age 72 years) by courtesy 
of Dr. W. Schmiedt (Department of heart and thoracic 
surgery, University of Mairtz, Germany). Isolated media 
fragments were prepared (Ross, 1971) and smooth 
muscle cells were allowed to grow out from the media 
fragments which were kept in medium containing 1 ng/ 
ml human recombinant basic fibroblast growth factor-(3, 
5 ng/ml human recombinant epidermal growth factor, 25 
mg/L gentamycin and 1 .25 mg/L amphotericin B at 37°C 
in 5% C0 2 in a humidified atmosphere. The purity of 
SMC's was evaluated by staining with an a-actin mAB 
(clone 1A4, Sigma, Deisenhofen, Germany). Medium 
was changed every 3 days. 24 h prior to experiments, 
SMC were grown in DMEM without any additives. Via- 
bility of cells was assayed using trypan-blue exclusion. 

RT-PCR of chemoklne and cytokine mRNA and indirect 
immunofluorescence. 

[0076] Total cellular RNA was isolated from confluent 
SMC cultures and reverse transcription of 1 pg of total 
RNA was conducted followed by PCR which was per- 
formed as follows: initial denatu ration for 5 rain at 95°C 
then denaturation for 40 sec at 95°C, annealing for 1 
min at 62°C and extension for3 min at 72°C. PCR prim- 
ers for MCP-1, IL-6, gp130 and GAPDH were as de- 
scribed (Klouche et al. , 1 999). PCR primers for the LIF- 
R have been described in ref . (Shimon et al., 1 997). The 
PCR products were run on 1 % agarose gels in 1 x TBE 
and stained with ethidium bromide. For immunocyto- 
chemical analysis, cells were fixed with 18.5% formal- 
dehyde/12.5% glutaraldehyde for 2 h at room tempera- 
ture and incubated with PE labeled gp1 30 specific mAB 
(clone AM64, lgG1; Pharmingen, San Diego, USA) 
overnight at 4°C followed by mounting and photography. 

Results 

[0077] To express vlL-6 in mammalian cells, the cD- 
NA was cloned into an expression vector (Fischer et al., 
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1 997) which added a hexahistidine tag to the COOH ter- 
minus of the protein. The protein was purified to near 
homogeneity via Ni-affinity chromatography. Upon 
SDS-PAGE analysis of the purified protein a double 
band of 24-26 kDa is visible which most likely reflects 
differentially glycosylated forms of vlL-6. 
[0078] The metabolically 35 S-labeled vlL-6 protein 
could be precipitated from the supernatant of transfect- 
ed cells with a rabbit antiserum raised against a bacte- 
rially expressed vlL-6 protein. To test for physical inter- 
action with receptor sub units of the IL-6 receptor sys- 
tem, the 35 S-vlL-6 protein was incubated with Fc fusion 
proteins containing IL-6, the extracellular portion of the 
IL-6R, and the extracellular portion of gp130. Protein 
complexes were precipitated with protein A Sepharose. 
Neither IL-6-Fc nor IL-6R-Fc interacted with vlL-6. In 
contrast, sgp130-Fc coprecipitated the vlL-6 protein in- 
dicating binding of vlL-6 to the extracellular portion of 
gp130. The specificity of the interaction of the Fc pro- 
teins with their cognate ligands is demonstrated as fol- 
lows. Human metabolically 35 S-labeled IL-6 is precipi- 
tated with IL-6R-Fc as a broad band reflecting different 
glycosylation states of recombinantly expressed human 
IL-6 (Schiel et al., 1990). No IL-6 was precipitated with 
IL-6-Fc and sgp130-Fc. In contrast, a fusion protein of 
slL-6R and IL-6 (Hyper-IL-6), which has been shown to 
directly stimulate gp1 30 (Fischer et al.. 1997), is precip- 
itated with sgp130-Fc but not with IL-6-Fc or IL-6R-Fc. 
[0079] We next asked whether vlL-6 bound to gp1 30 
at the same site as the IL-6/slL-6R complex. Precipita- 
tion of metabolically labeled vlL-6 by sgp130-Fc was 
performed in the presence or absence of human IL-6 
and Hyper-IL-6. Binding of vlL-6 to sgp130-Fc was not 
affected by an excess of human IL-6. Precipitation of 
vlL-6 by sgp130-Fc, however, was completely blocked 
in the presence of Hyper-IL-6. This experiment clearly 
demonstrated that vlL-6 and Hyper-IL-6 competed for 
the same binding site on human gp130. 
[0080] Having shown a direct interaction of vlL-6 with 
gp130, we next asked whether the IL-6R was needed 
for biologic activity of vlL-6. We made use of the IL-3 
dependent pre-B cells BAF/3 which do not express 
gp130 and are therefore not responsive to IL-6 or IL- 
6/siL-6R. BAF/3 cells stably transfected with human 
gp130 cDNA or human gp130 and IL-6R cDNAs, how- 
ever, in the absence of IL-3 grow in response to IL-6/slL- 
6R or IL-6, respectively (Vollmer et al., 1999). BAF/3 
cells transfected with gp1 30 cDNA (BAF-1 30 cells) grow 
in response to increasing amounts of Hyper-IL-6. When 
the same cells were stimulated with IL-6, no growth of 
the cells was observed. Cells stimulated with vlL-6, how- 
ever, showed dose dependent proliferation. In agree- 
ment with the lower effectivity of binding to gp130, vIL- 
6 proved to have a 20-50 fold lower specific biologic ac- 
tivity than Hyper-IL-6. On BAF/3 cells transfected with 
gp130and IL-6RcDNAs (BAF-1 30/IL-6R cells) prolifer- 
ation was observed in response to IL-6, Hyper-IL-6 and 
vl L-6. The specific biologic activity of IL-6 was 1 00-times 



higherthan that of vlL-6. BAF-130/IL-6R cells are more 
sensitive to IL-6 than to Hyper-IL-6 since they express 
more IL-6Rthan gp130 (Vollmer et al., 1999). 
[0081] We next examined whether sgp130-Fc inhibit- 

5 ed the biologic activity of vlL-6. We found that addition 
of sgp130-Fc to BAF-1 30 cells stimulated with Hyper- 
IL-6 or vlL-6 led to a dose dependent inhibition of cy- 
tokine induced proliferation. In contrast, in BAF-1 30/IL- 
6R cells stimulated with human IL-6, sgp130-Fc did not 

10 inhibit IL-6 induced proliferation. The lack of inhibition 
of human IL-6 may indicate that there is no free access 
of the sgpl 30-Fc fusion protein to the membrane asso- 
ciated IL-6/IL-6R complex. Therefore, the sgpl 30-Fc fu- 
sion protein specifically inhibits vlL-6 but not human IL- 

15 6 acting via the membrane bound IL-6R. 

[0082] Cytokine stimulation of gp130 leads to gp130 
dimerization, subsequent phosphorylation of gp130, ac- 
tivation of JAK kinases and tyrosine phosphorylation of 
STAT3. Phosphorylated STAT3 dimerizes and translo- 

20 cates into the nucleus where it binds to specific DNA 
sequences and acts as a transcription factor (Taga et 
al., 1997). We therefore asked whether cellular stimula- 
tion by vlL-6 was also mediated by gp1 30 activation. Ad- 
dition of a neutralizing mAB directed against gp130 

25 completely blocked proliferation of BAF-1 30 cells in- 
duced by Hyper-IL-6 and by vlL-6. The same gp130 
neutralizing mAB did not influence proliferation of un- 
transfected BAF/3 cells induced by IL-3. These results 
indicate that both, Hyper-IL-6 and vlL-6 acted via gp130 

30 activation. 

[0083] To demonstrate that stimulation of cells with 
vlL-6 led to intracellular phosphorylation and activation 
of STAT3 we employed HepG2-IL-6 cells. HepG2 cells 
upon stable transfection of a human IL-6 cDNA lost sur- 

35 face expression of IL-6R and therefore became com- 
pletely unresponsive to IL-6. HepG2-IL-6 cells could, 
however, be stimulated by the complex of IL-6/slL-6R 
(Mackiewicz et al., 1992). In un-stimulated and IL-6 
stimulated HepG2-IL-6 cells, no phosphorylation of 

40 STAT3 was detectable. In contrast, incubation of cells 
in the presence of Hyper-IL-6 or vlL-6 resulted in phos- 
phorylation of STAT3. This phosphorylation of STAT3 
could completely be blocked by a neutralizing mAB di- 
rected against gp130. These experiments demonstrat- 

45 ed that activation by vlL-6 was not mediated by the cell 
bound IL-6R. Furthermore, our results suggest that vIL- 
6 and Hyper-IL-6 use the same cellular activation mech- 
anism via gp130. 

[0084] The Kaposi sarcoma is characterized by new 
50 vessel formation and proliferation of spindle cells, "KS- 
cells", which are associated with endothelial cells, fi- 
broblasts and inflammatory cells. Historically, proliferat- 
ing spindle cells were considered to be derived from en- 
dothelial cells, but more recently, both types of mesen- 
55 chymal cells, endothelial and smooth muscle cells, have 
been proposed as potential progenitors. Immunohisto- 
chemical staining and Northern blot analysis revealed a 
coexpression of antigens specific for endothelial and 
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smooth muscle cells (Kaaya etal., 1995). In earlierstud- 
ies it was observed that smooth muscle cells could only 
be stimulated with IL-6 in the presence of slL-6R 
(Klouche et al., 1999). 

[0085] We therefore studied the stimulation of human 
primary smooth muscle cells by vlL-6. In human smooth 
muscle cells the mRNA expression of IL-6, of the mono- 
cyte attracting chemokine MCP-1 and of gp1 30 are up- 
regulated in a time dependent fashion upon stimulation 
by vlL-6. Both, induction of MCP-1 as well as virally en- 
coded chemokines may be involved in the characteristic 
attraction and presence of inflammatory cells in KS. 
[0086] Besides gp130, the receptor subunit LIF-R is 
shared by cytokines of the IL-6 family such as LIF, CNTF, 
OSM and CT-1 (Taga et al., 1 997). We therefore asked 
whether the expression of LIF-R mRNA was also mod- 
ulated by vlL-6 and Hyper-IL-6. Treatment of smooth 
muscle cells with Hyper-IL-6 and vlL-6 led to an upreg- 
ulation of LI F-R mRNA as measured by the appearance 
of a 359 bp DNA band upon RT-PCR, indicating that 
stimulation of smooth muscle cells by vlL-6 resulted in 
increased expression of the co-receptor forthe IL-6 fam- 
ily members LIF, CNTF, OSM and CT-1 . 
[0087] Furthermore, we found that gp1 30 cell surface 
expression is strongly increased after treatment of the 
cells with vlL-6 and vlL-6 induced proliferation of the 
cells. Notably, expression of gp130 preceeded that of 
IL-6, indicating the induction of an autocrine stimulation 
loop by vlL-6. Treatment with human IL-6 in the absence 
of SIL-6R had no effect on MCP-1, IL-6 and gp130 ex- 
pression and on proliferation (Klouche et al., 1 999). We 
conclude from these data that vlL-6, like the IL-6/slL- 
6R,. complex induces a proinflammatory state in human 
smooth muscle cells. 
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Claims 

50 1. A fusion molecule comprising two soluble gp130 
molecules. 

2. The fusion protein of claim 1 , wherein at least one 
of the two soluble gp130 molecules is the entire ex- 

55 tracellular domain of gp1 30. 

3. The fusion protein according to any preceding 
claims wherein the two soluble gp130 molecules 
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are linked to each other through a simple covalent 
bond. 

4. The fusion protein according to any preceding 
claims wherein the two soluble gp130 molecules 5 
are linked to each other through a flexible peptide 
linker. 

5. The fusion protein according to claim 1 , wherein the 
two soluble gp130 molecules are fused to the Fc 10 
domain of the IgG proteins, so that it is expressed 

as disulfide-linked homodimer. 

6. A DNA molecule encoding the fusion protein of 
claim 1 . 15 

7. An expression vector containing a DNA molecule in 
accordance with claim 6. 

8. A host cell containing an expression vector in ac- 20 
cordance with claim 7 and capable of expressing 

the fusion protein of claim 1 . 

9. A method for producing the fusion protein compris- 
ing culturing a host cell in accordance with claim 8 25 
and recovering the fusion protein expressed there- 
by. 

10. Fusion protein of claim 1 for its use as a medica- 
ment. 30 

11. Use of a fusion protein in accordance of claim 1 to- 
gether with a pharmaceutical^ acceptable excipi- 
ent for the preparation of a medicament. 



12. Use in accordance with claim 1 1 . wherein the med- 
icament is intended for the treatment and/or preven- 
tion of all the pathologies, in which the activity of the 
agonistic complex IL-6/slL-6R must be inhibited. 



35 



40 



13. Pharmaceutical composition containing the fusion 
of claim 1, for its use in for the treatment and/or pre- 
vention of all the pathologies, in which the activity 
of the agonistic complex IL-6/slL-6R must be inhib- 
ited. 45 

14. Method for inhibiting the activity of the agonistic 
complex IL-6/slL-6R, comprising administering a 
pharmaceutical composition comprising the fusion 
protein of the invention of claim 13 to a subject in 50 
need thereof. 
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